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COMPUTER 

This unit of THINGS of science con¬ 
tains 12 cards, a sample program and 
sample output, designed to help you 
obtain an understanding of computer pro¬ 
gramming. 

Electronic computers are now a part of 
our everyday life. They can process large 
volumes of detailed information and per¬ 
form complex mathematical calculations 
with great speed. 

The basic purpose of most applications 
of an electronic computer is to simplify 
complex calculations. 

Although it may appear as if a com¬ 
puter thinks for itself as it solves intricate 
problems, it works only with information 
given to it and performs only those cal¬ 
culations requested by a person known as 
the programmer. 

There are two basic types of computers, 
the analog computer and the digital com¬ 
puter. 

The analog computer is based on the 
principle of analogy. It simulates a prob¬ 
lem to be solved and assigns values that 
can be calculated. For example, a gasoline 
gauge in a car is an analog computer. The 
problem is to measure the quantity of 
gasoline remaining in the tank as it is 
used. The level of the float in the gasoline 
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tank controls a pointer which indicates 
the number of gallons of fuel left in the 
tank on a gauge with predetermined 
values. The reading on the gauge is analo¬ 
gous to the gallons of gasoline. 

The analog computer deals in measure¬ 
ments of physical quantities, such as gal¬ 
lons of gasoline or pounds of sugar, values 
which are approximations and seldom 
absolutely exact. 

The digital computer on the other hand 
deals with exact quantities, or discrete 
units. It counts, while the analog com¬ 
puter measures. The word digital refers 
to a system using numbers or digits to 
represent quantities. Numerals such as 0, 
1, 2, 3 are digits. When one adds 2 cents 
plus 4 cents and gets 6 cents, it is a digital 
computation. The total of 6 cents is an 
exact amount and is absolute. No error 
enters in as with the gasoline gauge. 

In this unit we are concerned with the 
digital computer. 

The materials in this unit will give you 
an idea of how the computer works, how 
decisions are made and how materials and 
knowledges are used by the computer and 
the programmer to solve problems. 

First examine your specimens, carefully 
noting their distinguishing features which 
are important for performing your experi- 
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ments. 

WHITE CARD — Pink border; 
punched. 

WHITE CARDS —Plain; punched; 
two. Note the print at the top—one starts 
with the word READ and the other with 
T=K. 

GREEN CARDS—Three; designated 
as Statement 101, Statement 102 and 
Statement 103 on the reverse side. 

ORANGE CARDS—^Three; designated 
Z=A+YVAR, Z=A-(YVAR), and 
Z=A—(YVAR)**2, on the reverse side. 

PINK CARDS—^Two; designated as 
Statement 8 and Statement 9 on the re¬ 
verse side. 

BLUE CARD—One; has Program on 
the reverse side. 

PROGRAM—On x 11-inch white 

sheet. 

SAMPLE OUTPUT—On 81/2x11-inch 
white sheet. 

FIGURES—Figs. 3 and 4. 

HOW DOES A COMPUTER WORK? 

A digital computer can operate only if 
a plan of action in a series of simple steps, 
known as the program, has been outlined 
for it. The program tells the computer 
what steps to take and the order in which 
these steps are to be taken to solve a 
given problem. 
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Most information is fed into computers 
by means of punched cards. Other meth¬ 
ods include magnetic tape and perforated 
paper tape. Note cards in unit. 

There are five basic steps that a com¬ 
puter performs when solving a problem: 
(1) It reads or receives information; (2) 
memorizes or stores information; (3) 
performs arithmetic; (4) makes logic 
decisions; and (5) writes or prints out 
information. 

Experiment !• Examine your 8 V 2 x 
11-inch sheet containing a sample pro¬ 
gram. Note the letters, digits and symbols, 
all of which are a part of the computer 
language. 

Examine your white cards. Note that 
they are punched. These cards feed in¬ 
formation into a computer according to 
an established code represented by the 
punched holes. 

Note your sample output on the 8V^ 
by 11-inch sheet. After all the computa¬ 
tions are finished, the computer prints out 
the results on a continuing sheet of paper 
if told to do so. 

(Note: The sample program, punched 
cards and output are just typical speci¬ 
mens and do not represent parts of a sin¬ 
gle problem.) 

The units within the machine which 
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carry out these functions, or the physical 
components of the computer, are called 
’’hardware” while the programs prepared 
for computer operations are referred to 
as ’’software.” 

Experiment 2. Examine your com¬ 
puter cards closely. Each standard card has 
12 rows and 80 columns, or 12 x 80 array. 
The rows 0 to 9 are numbered (do not 
count the two rows of smaller numbers 
1-80 which merely identify the columns). 
Rows 11 and 12 are immediately above 
the 0 row, although not numbered. Note 
that in the white cards, these two rows 
have holes punched in them. 

The rows 0, 11 and 12 are referred to 
as zones (Fig. 1, on separate sheet). 

Experiment 3. Take your pink- 
striped card and note the alphabet, num¬ 
bers and special characters in the border. 
Now carefully note the punched holes in 
columns 1-9. These are punches for the 
letters A-I. The punches for letters J-R 
are in columns 10-18, and for S-Z in col¬ 
umns 19-26. Note that each combination 
of zone and number is different. 

The combinations for the letters of the 
alphabet are by agreement within the 
computer industry. 

(Note that the printing in the border 
for each letter, number or special charac- 
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ter is not lined up exactly above the col¬ 
umn containing its code.) 

In column 28, 0 is punched out for the 
digit 0 and numbers 1-9 are punched out 
in columns 29-37, representing digits 1-9. 

The special characters, $, +, *, and so 
on are punched out in columns 39-49. 
These require, one, two or three punches. 

Write out the combinations for each 
letter and special character. 

Experiment 4. These letter codes are 
used to form words or expressions for 
transmitting information to the computer. 
For example, the word READ would be 
formed in this manner: 

11 12 12 12 
9 5 14 

READ 

The same scheme is used to represent 
any pieces of data for use by the pro¬ 
grammer and the computer. 

When cards containing holes punched 
in a certain order are placed in a com¬ 
puter, various sets of switches are tripped 
inside the machine by the holes which 
allow the passage of an electric current. 

If the letters R E A D are punched in 
a card, the combination of holes on the 
card trips a set of switches which prepare 
the computer to receive information and 
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store the data in a certain location. The 
computer does not understand the word 
"read” itself, but the combination of holes 
for the word provides the computer with 
an intelligible instruction. 

Most of the information fed into the 
computer will be located in what are 
called "fields” on data cards. A field is a 
collection of adjacent columns and it is 
generally used to represent a specific 
datum or variable. 

A variable is a quantity that is allowed 
to vary. A number having a specified val¬ 
ue that does not change is called a con¬ 
stant. Variables may be integer (a whole 
number) or real (a fraction or a number 
written with a decimal point). Integer 
and real variables can be used with certain 
letters of the alphabet and not with others 
according to rules determined by the com¬ 
puter language being used. 

Experiment 5* Look at your pink- 
striped card. You will see that letters A- 
I represent a field of nine columns across. 
The numbers 0-2 represent a three-column 
field and number 9 a one-column field. 

Variables may have field locations ad¬ 
jacent or separated. The fields are com¬ 
pletely arbitrary depending on the choice 
of the programmer entirely. Therefore, 
the placement of data on the cards will 
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Fig. 2 

vary widely from program to program. 

A particular program, for example, 
might have the value of variable A 
punched in card columns 1-3 (field 1) 
while the value of variable B may be 
punched in card columns 7-8 (field 2) and 
variable C punched in card column 9-10 
(field 3). See Fig. 2. 

Experiment 6. Solve the following 
problems. 

(1) On a green card mark over the 
numbers and zones to correspond with 
the punches given below. 

11 12 12 11 1 0 11 1 0 12 12 1 12 11 11 12 1 0 11 11 11 
2 5 5 7(4 713 8 51 7 6 6 4(6 6 9 2 

Can you read the message? 

(2) On another green card mark over 
the zones and numbers to represent 
punches that would spell out your name. 

(3) What columns on your pink- 
striped card would a field consisting of 
numbers 7-9 include? 
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(4) What is the maximum number of 
fields on your card? The minimum? 

Answers given at the end of booklet. 

BINARY SYSTEM 

How do the punched holes tell the 
computer what to do? 

To understand how a computer receives 
and acts on a message, we must first un¬ 
derstand something about computer arith¬ 
metic. Almost all processes of a digital 
computer are based on the simplest type 
of arithmetic, known as the binary system 
which uses only two digits, 0 and 1. 

The arithmetic we use in our daily lives, 
as you know, is the decimal system, or the 
system based on 10 and made up of digits 
0 through 9. The positions of a digit in a 
decimal number to the left of the decimal 
point are represented in powers of 10. 
The first digit to the left expresses ones, 
10®= 1; the next left tens, 10^=10; the 
next hundreds, 10^100 (10x10), and so 
on. The number 356, for example, con¬ 
sists of 3 hundreds, 5 tens and 6 ones, 
hundreds tens ones 

3 5 6 

or 


The decimal system because the basic 
number is 10 is said to have a base of 10. 
The binary system in which the basic 
number is 2 has a base of 2. 

In binary arithmetic, each position of a 
digit represents a power of 2. The first 
digit to the left of the binary point repre¬ 
sents ones, 2^=1; the next left represents 
twos, 2^=2; the next fours, 2^=4(2x2; 
the next eights, 2*^=8 (2x2x2); and so on. 

For example, to find the binary equiv¬ 
alent of 21, the decimal number is re¬ 
duced to the powers of 2 as shown below, 
sixteens eights fours twos ones 
10 10 1 
or binary, 10101, or 


0 


1 


0 


1 


1x2* + 0x2* 4- 1x2* 4- 0x2* + 1x2® 
I I I I I 

16 + 0 +4 +^0 +1 



The binary equivalents of the decimal 
numbers 0-9 are given in the Base 2 Equiv¬ 
alence Table (Fig. 3). 

As with decimal numbers, binary num¬ 
bers can be added, subtracted, multiplied 
and divided. 


Experiment 7. Problems. 

(1) How would you express the num- 
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BASE 2 EQUIVALENCE TABLE 


24 

2 ® 

2 ® 

21 

20 

BASE 10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

2 

0 

0 

0 

1 

1 

3 

0 

0 

1 

0 

0 

4 

0 

0 

1 

0 

1 

5 

0 

0 

1 

1 

0 

6 

0 

0 

1 

1 

1 

7 

0 

1 

0 

0 

0 

8 

0 

1 

0 

0 

1 
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her of days in a week by binary numbers? 
The number of days in a year? 

If the decimal number is repeatedly 
divided by 2, you will get the binary 
equivalent of the decimal number. For 
example, to find the binary equivalent of 
21 follow the procedure below: 

2/21 = 10 remainder 1 
2/10 = 5 remainder 0 
2/ 5 = 2 remainder 1 
2/ 2 = 1 remainder 0 
2/ 1 = 0 remainder 1 
Reading from the bottom up, the binary 
equivalent as above is 10101. 

( 2) What is the decimal equivalent of 
binary 1000000? 
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To add binary numbers we must follow 
these four rules: 

0 + 0 = 0 
0 + 1=1 
1 + 0=1 
1 + 1=0 carjy 1 

Since 1 is the highest digit in the binary 
system when 1 + 1 are added, the 1 must 
be carried to the next column to the left 
as in adding numbers in the decimal sys¬ 
tem. There is no digit larger than 9 in the 
decimal system. Therefore when 9+1 
are added, we write down a 0 and carry 
the 1 to the next column to the left. 

For example, add 21 + 21 by binary 
addition, 

1 1 carry 
10101 
+ 10101 

101010 or 2^+0+23+0+21+0=42 
32 8 2 

Since numerals in the binary system 
are successions of the digits 0 and 1, the 
computer can denote numbers by a se¬ 
quence of electronic switches, each either 
on or off, 1 indicating ON and 0 in¬ 
dicating OFF. 

Thus, a series of switches showing the 
sequence ON OFF ON OFF ON OFF 
would be interpreted as 42 by the com¬ 
puter. 
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The application of the binary system 
to the computer is referred to as the bi¬ 
nary coded decimal representation, each 
decimal digit being represented by a 
combination of four binary digits (bits) 


(Fig. 3). 


Calculations of multiplication, subtrac¬ 
tion and exponentiation are generally per¬ 
formed by addition in the computer. 

In subtraction, the binary number to 
be subtracted or the subtrahend is repre¬ 
sented in Ts complement form and then 
added to the number from which it is to 
be subtracted or the minuend. The proce¬ 
dure is simple once you learn the trick. 

To obtain Ts complement of a binary 
number, simply subtract the number from 
a row of digits equal to the base minus 
one, which is 2 minus 1 or 1. 

In the decimal system to obtain the 
base-minus-one (10 minus 1) comple¬ 
ment, the number is subtracted from a 
row of 9s. 

For example the 9 s complement of 21 
and Ts complement of 21 are found as 
follows: 

Decimal Binary 


99 

—21 


— 10101 


11111 


78 


01010 


9 s complement 


Ts complement 
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Note that in the binary system the 
complement of 1 is always 0 and of 0 it 
is 1. Therefore, all you need to do to find 
the Is complement of a binary number is 
to substitute 0 for 1 or 1 for 0. 

When using the complement method 
for subtraction, the complement must al¬ 
ways have the same number of digits as 
the number to which it is added. 

When you subtract by adding a com¬ 
plement you will find that the answer is 
too large. To take care of this the process 
known as "end-around-carry” is used. The 
left-most digit in the number is brought 
around and added to the number. See 
examples below where 21 is substracted 
from 64. 

Decimal 

64 (minuend) 

+ 78 (9’s complement of 21) 

1 end-around-carry 
43 = 64 minus 21 

Binary 

1000000 (minuend) 

+ 1101010 (Is complement) 
(T^OIOIO 

>1 end-around-carry 
101011 = decimal 43 

In many computers, the left-most num¬ 
ber (to the left of the A sign) is a sign 
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bit. The presence of a zero indicates a 
positive number, the presence of a 1 in¬ 
dicates a minus sign. 

For example, OAOlOl is plus 5, while 
lAOlOl is minus 5. 

Experiment 8. Problems. 

(1) Subtract 15 from 33 by addition 
using both decimal and binary systems. 

(2) What decimal numbers do 
OAOlOl, 1A1011 and lAOOOO represent? 

COMPUTER PROGRAMMING 

How does a person communicate with 
a computer? 

Any person communicating with a 
computer is called a programmer and the 
method he uses is called a program. 

At present there are many languages 
used for communicating with the com¬ 
puter. One of the most commonly used is 
FORTRAN, or FORmula TRANslation. 
This is the language used on the mate¬ 
rials in this unit. 

To formulate a program, we must de¬ 
fine the problem, analyze it, flowchart the 
program and program the problem. 

In our daily lives we solve our prob¬ 
lems in much the same way as outlined 
above. The problem may be defined as: 
How can a full day’s activities be most 
efliciently accomplished within the hours 
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9 to 5? We analyze the problem by not¬ 
ing the variety of duties to be performed, 
flowchart the program by taking each 
activity and placing it in an appropriate 
time in a sequence that would use the 
time most effectively and then program 
the problem by writing out a schedule and 
then acting on it. The more efficiently a 
man can program his activities, the more 
he can achieve in a limited time. 

A computer programmer follows a sim¬ 
ilar procedure. However, he must analyze 
the problem into some mathematical form 
that can be handled by the computer. 

The program is first of all a list of in¬ 
structions in mathematical form. Each 
instruction gives the computer a step to 
follow and in exact sequence. 

Note your sample program. 

These instructions are punched on cards 
like those in your unit. Each of these 
cards is a statement. 

Any program contains both input and 
output statements. These allow material 
to be entered into the machine and re¬ 
turned to the programmer when calcula¬ 
tions are completed. A program may con¬ 
sist of hundreds of statements depending 
on the complexity of the problem. 

A typical computer calculation is per¬ 
formed by feeding the computer a deck of 
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cards. The first cards in the deck are called 
Control Cards; each computer is pro¬ 
grammed to recognize only certain sets of 
control cards. These cards tell the com¬ 
puter the programmer’s name and num¬ 
ber. They tell the computer the maximum 
time it should take to perform the cal¬ 
culation and the maximum number of 
lines of output (answers) expected. 

Another control card tells the computer 
which computer language the program¬ 
mer is using. 

Following the control cards is a second 
set of cards which does the arithmetic or 
manipulation of data (such as alphabet¬ 
izing). Among this second set of cards is 
at least one instruction which tells the 
computer to “look” at the third set. 

The third set of cards on which the in¬ 
put data are punched follows the second, 
but the computer may read these Data 
Cards whenever an instruction on the 
second set of cards tells it to do so. 

After passing the control cards, the 
computer proceeds through the set of 
“manipulation” cards (set two) in order, 
reading data from set three as ordered. 
When the last card on set two is reached 
the computer stops its calculation. 

Another set of statements used in the 
program specifies the arithmetic opera- 
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tions that are the basis of problem solv¬ 
ing. These operations are addition, sub¬ 
traction, exponent, multiplication, and 
division. 

A third set of statements are for trans¬ 
fer of control which makes it possible for 
the machine to make decisions from the 
material it has been given previously 
rather than go through the calculations 
from first to last progressively each time 
the problem appears. 

A fourth set of FORTRAN statements 
provides information about the procedure 
without making any computation. 

These instructions compose the source 
program. 

The machine then takes the FOR¬ 
TRAN source program and converts it 
into an object program by means of a 
compiler. The compiler is a large scale 
program that reduces the more complex 
FORTRAN source statements into in¬ 
structions that the machine can under¬ 
stand. 

It is the object program that is actually 
executed by the machine. 

Arithmetic operations are represented 
symbolically in FORTRAN as shown 
below: 

Addition -|- 

Subtraction — 
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Multiplication * 

Division / 

Exponent * * 

Experiment 9. Note the symbols * 

/ -1-on your pink-striped card. Note 

also the digital code for each of these. 

Two operation symbols may not be 
written side by side. For example: A * B 
is permissible. The expression means to 
multiply A times B. However, A * —B 
is not allowed and an error message 
would result. Parentheses must be used at 
any point in which there is chance for 
confusion or an expression is ambiguous. 
A * —B should be written A * (—B). 

A/B*C would mean — x C unless it 
B 

were written as A/ (B*C) which would 


then mean 


BC‘ 


The computer, if it sees no paren¬ 
theses to tell it which operations should 
be performed first, performs the arith¬ 
metic in an expression from left to right. 
It takes care of the exponents first, next 
multiplication and division and last addi¬ 
tion and subtraction. For example, 
a2 + b2 — 2ab/c in FORTRAN is 
A**2 + B**2 — 2.0*A*B/C 
In the expression A*B/C, since the * 
precedes the /, multiplication is per- 
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formed first and to the computer it means 
(A*B)/C 

Experiment 10. Write out the alge¬ 
braic expressions below in FORTRAN. 

(1) xy; (X — y); x*;^ 

(2) Convert T = K*N1*NI/(D1*. 
D2*D4**2) shown on your second 
FORTRAN Statement to an arithmetic 
expression. 

The general FORTRAN input/output 
statements are READ and WRITE. After 
determining what is to be entered, the 
programmer must tell the computer how 
the variables or input data are to be sup¬ 
plied. This is done through a FORMAT 
statement. 

READING DATA CARDS 

Experiment 11. Note the sample 
data card in Fig 4 on sheet. 

Observe that data have been punched 
in various fields across the card. The value 
44.1 in card column (cc) 7-10 could be 
called variable A; the value 34.5 in cc 
18-21 could be variable B; the 178.0 in cc 
27-31, variable XBAR; 0.2 in cc 41-43, 
variable WAR; and 1.2 in cc 52-54, 
variable HOLD. 

In order to get this card into the ma¬ 
chine we have to write an instruction 
called READ. Look at your first plain 
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white FORTRAN Statement. 

For the data card in Fig. 4, this instruc¬ 
tion would read the value of A, B, XBAR, 
YVAR and HOLD. This would be accom¬ 
plished by using a statement such as: 

READ (5,10) A, B, XBAR, YVAR, 
HOLD 

The 5 in the parentheses tells the com¬ 
puter how the data are to be entered—on 
tape, through the card reader, or other 
form. The 10 identifies the FORMAT 
statement giving the manner and type of 
data to come. For these numbers the 
statement: 

10 FORMAT (5 (F 10.1, IX)) 
would be used. The F in FI0.1 indicates 
that the numbers representing A, B, 
XVAR, YVAR and HOLD are the values 
of real variables. 

The IX means to skip one space be¬ 
tween the values of each of the variables. 

It is not necessary to punch plus ( +) 
signs into data cards, but a minus (—) 
must be punched. Numbers are assumed 
to be positive unless indicated negative. 

When using FORTRAN, statements 
begin in cc 7 with cc 1-5 reserved for 
statement number. Card column 6 is used 
for continuation card numbers. 

Experiment 12. Note these sections 
on your FORTRAN statement. 
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For example, if these FORTRAN state¬ 
ments were given, 

READ (5,100) A,B,C 
100 FORMAT (F10.2, F5.2, F2.0) 
the machine would expect to read from 
input device 5 according to statement 
100 the variables A, B and C from one 
card or card image. (If the card has been 
written on tape, that representation is said 
to be a card image.) The value for A 
would be in cc 1-10 with a decimal point 
two places to the left of column 10. 

The value of B would be in card col¬ 
umns 11 through 15 with the decimal 
point 2 places left of column 15. 

The variable C would be read from 
card column 16 through 17 with the deci¬ 
mal point after column 17. 

The data could be read from a single 
card or from multiple cards. The control 
characters which allow the data to be read 
from a single card are shown in example 

(1) and from multiple cards in example 

(2) below. 

(1) READ (5,100) A,B 
100 FORMAT (2F10.5) 

In example 1, the value of A would be 
read from the first ten columns of the 
first data card and B from the second ten 
columns of the first data card. 

(2) READ (5,100) A,B 
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100 FORMAT (F10.5/F10.5) 

Here the diagonal (/) allows the value 
of A to be read from the first 10 columns 
of the first data card and the value of B 
from the first 10 columns of the second 
data card. 

COMPUTER SIMULATION 

Experiment 13. In this problem you 
will make the choices the computer will 
make by simulation of the logic the 
machine will follow. 

The problem will require that you 
make decisions relative to three condi¬ 
tions which exist inside the machine at 
three given times. 

The three statements you will use to 
follow the logic of the computer are ( 1 ) 
the arithmetic IF statement; ( 2 ) the logi¬ 
cal IF statement; and (3) the computed 
GO TO statement. 

(1) The arithmetic IF statement al¬ 
lows for transfer to some other place in 
a computer program IF a certain condi¬ 
tion is met while the program is being 
executed. 

The statement has the form 
IF (A) Ml, M 2 , M 3 
where A stands for an expression such as 
(X—Y) or (X). Ml, M 2 , and M 3 are 
statement numbers. 

When expression A is negative, control 
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will be transferred to statement Mi; 

If the value of A is zero, control is 
transferred to Mo; 

If the value of A is positive, control is 
transferred to M-i. 

The same statement number may be 
used more than once. 

For example: 

IF (Y—3.2)10, 11, 12 

10 Z= 3.1416 
GO TO 35 

11 Z = 6.2832 
GO TO 35 

12 Z = 9.4248 

35 CONTINUE 

(2) The logical IF statement is one 
which in its most elementary form com¬ 
pares two arithmetic expressions. The 
statement has the form IF (A) T where 
A is any logical expression and T is any 
statement except a logical expression. 

Operating abbreviations used are: less 
than (.LT.); less than or equal to (.LE.); 
equal to (.EQ.); not equal to (.NE.); 
greater than (.GT.); greater than or 
equal to (.GE.); and (.AND.); or 
(.OR.); and not (JMOT.). 

For example: 

IF (Y.LT. 3.1416) Z = Y + 

5.1* ALPHA 

IF (Y .GT. 3.1416) Z = 0.5 * Y -f 
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6.2 * ALPHA 

IF (Y .EQ. 3.1416 .AND. ALPHA 
.GT. 0.15) Z = Y + 5.1 

40 CONTINUE 

(3) The computed GO TO gives the 
programmer a three-way test of the value 
of an arithmetic computation. It is of the 
form, 

GO TO (Ml, M2, ... . M„), NUM 
where NUM is a non-signed integer vari¬ 
able and Ml, M 2 , . . . Mn are statement 
numbers elsewhere in the program. The 
value of NUM determines the transfer 
point. 

For example, if NUM = 1, control 
will be transferred to statement Mi. If 
NUM = 3, control will go to statement 
M3. The value of NUM must be between 
1 and n inclusive. 

For example: 

NUM = APLHA + 1 

GO TO (30, 40, 50, 60, 70), 
NUM 

30 Z = 30.0 

GO TO 75 (note that without 
this assigned GO TO, Z 
would be given a value other 
than that desired.) 

40 Z=30.0**X 
GO TO 75 
Z= (30.0 ** X)/Y 
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50 


GO TO 75 
60 Z = 1.0 
GO TO 75 
70 Z=(1.0)/Y 
75 ZETA = Z + Y**Z 

Problems: Write the proper statement 
for these instructions. 

(1) If X is positive, transfer control 
to statement 25. 

(2) If X is greater than Y, transfer 
control to statement 15. 

(3) If the value of XNUM is 3, trans¬ 
fer control to statement 103. 

(4) If XI is equal to X2 transfer con¬ 
trol to statement 1002 and call the result 
XVAR. 

(5) If X is greater than Y, set A 
equal to 3.1416, but if X is less than or 
equal to Y, set A equal to 497.53. 

COMPUTER LOGIC 

Experiment 14. As an example of 
computer logic, you have a set of colored 
cards with which to simulate the flow of 
a computer program and let you make 
those choices of logic the computer will 
make in its decision of where to transfer 
program control. 

The first card in the set (the blue card) 
shows the program input, initial process¬ 
ing steps and the first decision point. You 
will help the machine make that choice 
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after deciding which of the statements to 
select. (Note: XVAR on your card = 
IVAR in problem—see statement 105 in 
sequence below.) 

The variable values are: A = 20.5, 
B = 30.6, IVAR = 4, YVAR = 4.0, 
and HOLD = 23.2 

1 READ (5,10) A, B, IVAR, 
YVAR, HOLD 

10 FORMAT (2F10.1,110, 2F10.1) 
STOREl = (A—B) 

IF (A-B) 8, 9, 9 

Select from your set of pink 
cards statement 8 or 9 and 
match it with your blue pro¬ 
gram card. Be sure the ar¬ 
rows are touching. Write 
down your computed value 
of (A—B) and say it is 
equal to STOREl. 

8 IF (IVAR .LT. 4) Z = Z + 
YVAR 

IF (IVAR .GT. 4) Z = A - 
YVAR 

IF (IVAR .EQ. 4) Z = A — 

(YVAR)**2 

GO TO 75 

9 IF (IVAR .LT. 4) Z = A + 
YVAR 

IF (IVAR .GT. 4) Z = A - 
YVAR 
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IF (IVAR .EQ. 4) Z = A — 

(YVAR)»*2 

GO TO 75 

(Decide from your knowl¬ 
edge of the logical IF state¬ 
ment how Z should be de¬ 
fined. 

Select the orange card with 
the expression for Z you be¬ 
lieve should be used. Com¬ 
pute Z and call the results 
STORE2.) 

75 STORE2 = Z 
XCON = 1.5 

XNUM = STORE2 — XCON 
STORE3 = XNUM 
NUM = XNUM 
GO TO (101, 102, 103), NUM 
In some binary machines, it 
may be necessary to compen¬ 
sate for rounding errors 
since some decimal numbers 
cannot be represented exactly 
in binary notation. 

From the value of NUM 
which you have calculated 
from the formula NUM = 
Z — 1.5, decide whether you 
should use statement 101, 
102 or 103 from your com¬ 
puted GO TO list. Store the 
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value you found for NUM in 
STORE3. Based on your 
choice of statement 101, 102 
or 103 (from the green 
cards), compute the value of 
ANS as the computer would 
do. If you have followed the 
directions correctly, the value 
should be 14.6. 

101 ANS = HOLD + (STOREl 
* STORE2)/STORE3 

GO TO 105 

102 ANS = HOLD — (STOREl) 
+ (STORE2)/STORE3 

GO TO 105 

103 ANS = HOLD + (STOREl) 
+ (STORE2)/STORE3 

105 CONTINUE 

XVAR = IVAR 

PRINT (6,1000) ANS, A, B, 

XVAR, YVAR, HOLD 

1000 FORMAT (5F10.1) 

GO TO 1 
END 

If you did not get ANS = 14.6, let us 
retrace the steps in the program logic. 

The first calculation you and the com¬ 
puter made was to subtract B from A. 
This calculation should have been —10.1 
and should have been set equal to 
STOREl (e.g., STOREl = —10.1). 
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Since this value was negative, your IF 
statement decision should have directed 
you to statement 8. With statement 8 
selected, you were then asked to choose 
the calculation statement for Z based on a 
logical IF decision relative to the value of 
IVAR. Since we know IVAR = 4, the 
correct selection for the Z computing for¬ 
mula is Z = A — (YVAR) **2. (Z = 
20.5 — (4.0)^; Z = 45). After trans¬ 
ferring to statement 75 and storing Z in 
STORE2, the third decision is made. 

To make this decision at the computed 
GO TO, the simple calculation for 
XNUM was made and should have been 
3.0. (XNUM = 4.5 — 1.5; XNUM = 
3.0). 

XNUM was then set equal to NUM 
and the GO TO statement was checked. 
Since NUM = 3, control was transferred 
to statement 103 and ANS was calculated. 
This should have been ANS = 23.2 -|- 
(-10.1) + (4.5)/3.0. 

ANS = 14.6 

ANSWERS TO PROBLEMS 
Experiment 6. 

(1) Keep up the good work 
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(2) Varies for each person 

(3) Card column 35-37 

(4) a. 80—maximum; b. 1— 
minimum 

Experiment 10. 

(1) X*Y;(X-Y);X**2;X*Y/W 

(2) T = KxNixNI ^ 

(D1XD0XD42) 
Experiment 13. 

(1) IF(X.GT.O) GO TO 25 

(2) IF(X.GT.Y) GO TO 15 

(3) IF(XNUM.EQ.3.) GO TO 103 

(4) IF(X1.EQ.X2) GO TO 1002 
1002 XI = XVAR 

(5) IF(X.GT.Y) A = 3.1416 
IF(X.LE.Y) A = 497.53 
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